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Thebaine
Codeine Naloxone Food-reinforced responding THEBAINE is an opium alkaloid which shows little, if any, analgesic action in common with morphine; although it does produce seizures [7] . Recent research interest in the pharmacology and the behavioral effects of thebaine has generated conflicting reports on its ability to produce dependence of the morphine type. Yanagita et al. [14] have reported that rhesus monkeys became physically dependent on thebaine as shown by naloxone and deprivation withdrawal tests. Thebaine, unlike codeine, did not suppress morphine withdrawal signs in morphine-dependent monkeys; rather, it produced signs resembling morphine withdrawal in these animals. Yanagita et al. [14] also reported that monkeys self-administered thebaine at rates higher than those for saline, but lower than those maintained by codeine. Thebaine has not been found to produce physical dependence in other species. Harris [6] found no evidence of physical dependence in rats given continuous infusions of thebaine at various doses for a seven-day period and then abruptly withdrawn from the drug. Gilbert and Martin [4] reported that thebaine did not produce any morphine-like effects in non-dependent chronic spinal dogs. Thebaine did not precipitate an abstinence syndrome in morphinedependent dogs, although the authors pointed out that the excitatory actions of thebaine are similar to those of the withdrawal syndrome, and this might explain the interpretation of the signs reported by Yanagita et al. [14] . These authors did, however, note a slight effect of naloxone in the dog given chronic thebaine.
In an evaluation of the discriminative effects of narcotics in the rat [9] , thebaine failed to produce morphine-like effects, while other narcotics did so.
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Copyright ~ 1981 ANKHO International Inc.--0091-3057/81/060805-05501.00/0 on thebaine's direct effects on food-reinforced responding and the nature of the effects as revealed by antagonism studies with naloxone.
GENERAL METHOD

Subjects
Subjects in these experiments were l l rhesus monkeys weighing between 5.0 and 8.0 kg. The seven monkeys in experiments requiring intravenous drug self-administration were prepared with surgically implanted intravenous catheters [1] . These monkeys were permanently housed in their experimental cubicles, where they had free access to food and water. The remaining four monkeys were housed in individual housing cages. They were placed, for each experimental session, in primate restraining chairs which were inserted in sound-attenuated chambers with two response levers and an array of stimulus lights. These monkeys were deprived to 80% of their free-feeding weights and maintained at this level throughout this experiment. Experimental conditions were controlled and data recorded by automatic programming equipment located in an adjacent room.
Drugs
Thebaine ethanoate was dissolved and diluted in 0.9% saline solution. Thebaine HC1 was dissolved in distilled water and buffered to a pH of 4.5 for use in Experiment 3. Drug was prepared every other day. Doses of thebaine are expressed as the salts in Experiments 1 and 2; free base in Experiment 3. Codeine and naloxone were dissolved and diluted in 0.9% saline solution; doses are expressed as salts. All the intramuscularly administered drugs were injected into the thigh muscle in a volume of 1 cc. When two drugs were administered concurrently, injections were made a few seconds apart into different intramuscular sites.
EXPERIMENT l: THEBAINE AND ITS INTERACTION WITH NALOXONE
METHOD
Four food-deprived monkeys were used that had an extensive history with the particular schedule of food presentation employed. Thirty responses on a key, mounted directly in front of the restraint chair, produced a 300 mg banana-flavored food pellet. Following food delivery, the lights in the chamber changed and responses on the key delayed, for 30 additional sec, the condition in which 30 responses led to food presentation. Technically, this schedule of reinforcement [2] may be designated as a chain differential reinforcement of other behavior (DRO); fixed-ratio (FR). If 30 responses were not completed within 1 min, the FR component was terminated and the DRO component came into effect. Each session lasted about one hour.
When behavior had stabilized on this schedule, animals were injected with saline or thebaine immediatley prior to the experimental session. Doses of thebaine were 0.32, 1.0, 1.78, and 3.2 mg/kg and were given twice to each monkey in a mixed order. Subsequently, the two larger doses of thebaine were repeated, and on alternate drug administration sessions, naloxone (0.1 or 1.0 mg/kg) was administered concurrently. In separate sessions, naloxone was given alone. As a positive control, prior to other sessions, morphine (3.2 mg/kg) was given to suppress the rates of responding and it was combined with naloxone (0.03 mg/kg). RESULTS Saline, 0.32 and 1.0 mg/kg thebaine did not affect response rates during the FR component of the schedule (Fig.  la) . The two larger doses of thebaine decreased responding in a dose-dependent fashion: 1.78 mg/kg reduced responding from 4.46_+0.33 (S.E.M.) resp/sec to 2.87_+1.79 resp/sec, while 3.2 mg/kg thebaine reduced responding to 1.35_+0.59 resp/sec. Naloxone (0.1 and 1.0 mg/kg) was administered concurrently either with 1.78 or with 3.2 mg/kg thebaine to determine whether these rate-suppressing effects could be antagonized. These doses of naloxone alone reduced slightly response rates from those observed with saline controls. Fig.  lb shows that neither dose of naloxone reversed the ratesuppressing effects of either 1.78 or 3.2 mg/kg thebaine. Clearly, naloxone did not antagonize the effects of thebaine on operant responding for food; rather it may have slightly augmented the rate-reducing effects of thebaine. Morphine reduced FR responding to 0.32 resp/sec (N=4); naloxone reversed these effects completely (4.20 resp/sec; N=4).
EXPERIMENT 2: THEBAINE SELF-INJECTION--SUBSTITUTION FOR CODEINE METHOD
Three monkeys with experimental histories of codeine self-injection were permanently housed in open-faced cubicles equipped with 2 response levers and an array of stimulus lights. The animals were restrained in these cubicles by a harness and tubular stainless steel arm as described by Deneau et al. [1] . The animals' surgically implanted intravenous catheters were connected through their restraining arms to injector devices. The monkeys were conditioned to selfinject codeine on a fixed-ratio 30, 10 min timeout procedure as described by Woods [10] .
RESULTS
After responding for codeine had stabilized on this schedule, saline or thebaine in doses ranging from 0.003 to 1.0 mg/kg/injection was substituted for the codeine in single experimental sessions. The animals uniformly took all the codeine injections available to them during the session (a maximum of 13). When saline was substituted for codeine, the average number of injections taken per session decreased to 8.4_+ 1.3 (S.E.M.). Substitution of thebaine produced no increase in the number of injections taken, except possibly for 1.0 mg/kg/inj (10.1 infusions). Fixed-ratio response rates over most thebaine doses studied were no higher than those for saline, and in all cases, they were lower than those for 0.3 mg/kg codeine (Fig. 2) . Response rates during the time out period, while the drug pump was running, or those associated with the non-drug lever did not vary significantly under the various conditions of codeine, saline, and thebaine selfinjection. drug infusion pump, houselights, and two response levers with stimulus lights. The animals were restrained within their cubicles with stainless steel spring arms and harnesses as described by Schuster and Johanson [8] .
Monkeys were allowed 23 hours per day continuous access to saline. Each response on the designated lever (FR 1) delivered a 10 sec injection of saline, during which the houselights were turned off and a red injection light was turned on. Saline was available for the first seven days following surgery.
Thebaine (ethanoate or HCL), 1.0 mg base/kg/injection, was substituted for saline on the eighth day and its availability continued on the FR 1 until the animals' intake stabilized (2-5 weeks). A single monkey (no. 93) was given hourly injections (1 mg/kg) for five consecutive days after a week of exposure to the drug during which responding was not initiated. Following stabilization of responding maintained under the FR 1 schedule, the fixed ratio values were increased from ! to 3, 5, and finally 10 at intervals of approximately 5 days for all animals.
Under the FR 10 schedule, a single administration of 0. l, 0.3, or 1.0 mg/kg naloxone was given at 3-4 day intervals in mixed order. Changes in thebaine self-injection were recorded and gross changes in behavior were observed consequent to naloxone administration. Saline was substituted for thebaine and changes in self-injection responding were recorded and observable signs of behavioral change noted over a four day period.
In two monkeys, codeine was subsequently made avail- able at a dose of 2.0 mg/kg/inj at FR 10 under 23 hr access conditions. Subsequent to two weeks of exposure, the same doses of naloxone were given and changes in observable behavioral signs were noted and changes in self-injection responding were recorded.
The monkeys took between 0 and 5 infusions of saline per 23 hr session (Fig. 3) . When thebaine was substituted for saline, three of the four monkeys spontaneously increased responding until they were taking an average of 22.7 injections/session. The fourth monkey, animal no. 93, did not self-inject thebaine until hourly infusions of the drug were programmed for five consecutive days. After these noncontingent injections she began responding for thebaine at a rate similar to that of the other animals. When the FR requirement was increased from I to 10, the average number of injections/session for all monkeys decreased slightly to 18.9. FR responding was of the typical break and run pattern [2] .
The three monkeys were given IM doses of naloxone on different days immediately before the start of a daily session. The first monkey, no. 83, received 1.0 mg/kg naloxone as her first dose. Within 25 min of the naloxone injection, she began lying down, was hyper-irritable and retching. The animal did not increase responding for thebaine during the period following the naloxone injection, but her responding on the non-drug lever greatly increased from the average of 3 responses/session to 35 in the first hour of the naloxone pretreatment session. Two hours later the animal was no longer hyper-irritable or retching, but was lying down and showing tension. The monkey was observed for four hours after the naloxone injection, at which time these physical signs had subsided. She was found dead in her cubicle the next morning, clearly not from convulsions, since no contusions or abrasions were noted.
The two remaining monkeys, no. 92 and no. 65, completed their series of naloxone injections and, as can be seen from Table 1 , in no case did thebaine intake increase either during the first hour of the session after the injection or during the entire 23 hr session. Rather there was either no change or decreases in intake over these time periods. Furthermore, neither animal showed signs of gross behavioral change at any dose of naloxone. After completing this series of naloxone injections, saline was substituted for thebaine in each animal and responding declined over several sessions to an average of 2 to 6 infusions of saline per day (Fig. 3) . Neither monkey showed any signs of gross behavioral change when the substitution was made.
As a comparison experiment, with monkeys no. 93 and no. 65, codeine (2.0 mg/kg/infusion) was then substituted for saline. Within 3 days, monkey no. 65 began taking between 10 and 20 infusions of codeine per day, and within two weeks the intake had increased to an average 130 infusions per day. At this point she died of non-experimentally related causes. The second codeine-exposed monkey, no. 92, also increased responding for codeine until he was taking an average of 56 infusions per 23 hr session. After codeine intake had stabilized, he was then pretreated on different days with 0.1, 0.3, or 1.0 mg/kg of naloxone. He showed mild signs of withdrawal at the two lower doses (excessive vocalizations, mild irritability) and more severe symptoms (extreme irritability and activity, bizarre postures, retching) at the 1.0 mg/kg dose. The animal did not significantly change his codeine intake after nay of the naloxone pretreatments either in the first hour or during the rest of the post-naloxone sessions (Table 1) .
GENERAL DISCUSSION
Thebaine self-injection was maintained under 23-hr unlimited access conditions, but, under the FR 30 timeout 10 min schedule, the rate of responding was only marginally above that generated by the saline vehicle (Figs. 2 and 3 ). Yanagita and Miyasato [13] reported similarly that selfinjection of thebaine under 4-hr access, FR 1 was only marginally above saline; however, under unlimited access FR 1 conditions, both we and Yanagita and his colleagues found that 0.1 to 1.0 mg/kg would maintain stable levels of responding above vehicle. It is likely that these same patterns of self-injection will be found across different contingencies with other drugs, e.g., barbiturates and benzodiazepines [5, 15] , and clonidine [11] . There are at least two potiential explanations for the difference in self-injection results under different access conditions. One is that cost/reinforcement as defined by response requirement and availability differ in a functional way between the two conditions. A second possibility is that weak reinforcers maintain behavior only slightly above their vehciles. Compared over short periods of exposure the difference may be insignificant; with longer exposure, smaller differences become relatively more important.
Thebaine is a close chemical congener of codeine and morphine but its acute and chronic effects differ significantly from them. In the monkey, at doses of 4-8 mg/kg, thebaine produced tremor, restlessness, hyper-irritability, and slight motor impairment [13] ; note that these doses are larger than those necessary to completely suppress food-reinforced responding (Fig. I) . In the dog, Gilbert and Martin [4] reported that thebaine did not produce any morphine-like effects in nondependent dogs. Yanagita and Miyasato [13] reported that the effects of thebaine, rather than substituting for those of morphine, resembled to some extent the withdrawal syndrome produced by morphine antagonists. The signs observed in the dependent and nondependent monkey were discriminably different. This was not found to be the case in dogs, in that thebaine produced signs that were comparable in kind and magnitude in morphine-dependent and nondependent dogs [4] .
Nevertheless, there are some common actions of thebaine and morphine. At appropriate doses, these compounds produce rate reductions of food-reinforced responding. In higher doses in rodents they will induce convulsions. These common actions may be mediated by different mechanisms since naloxone has the capacity to antagonize morphine's actions to a far greater extent than those of thebaine in either species ( Fig. 1; [3] ).
Thebaine has been shown not to produce a deprivationwithdrawal syndrome following its chronic administration to either rats [6] or dogs [4] . Our findings are in agreement; on the other hand, Yanagita and Miyasato [13] found in rhesus monkeys both deprivation and antagonist-induced withdrawal syndromes. In one of the three monkeys in the present experiment, naloxone produced a strong reaction culminating in death. It is of interest to note that this animal was self-administering larger amounts (ca. 30 mg/kg/day) than the two monkeys that showed no reaction to naloxone. These data taken together with those of Yanagita and Miyasato [13] suggest dependence may develop, and that it should be studied further under conditions involving over 30 mg/kg/day of thebaine intake.
The findings of the present study, in general, agree with those cited above in showing that there are a number of acute actions of thebaine that are unlike those of morphine. The question of thebaine dependence requires further consideration; Yanagita et al. [14] have suggested that an active metabolite of thebaine, oripavaine may play a role in thebaine's dependence-producing capacity. Oripavaine has been found by Yamazoe et al. [12] in the urine of thebainetreated monkeys. This compound should be examined directly to determine whether its potency is sufficient to account for the dependency produced by thebaine.
